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incorporated in the design of airplanes intended for flight at high
supersonic speeds. In order to determine the low-speed aerodynamic
characteristics of such a wing, tests of a wing having an aspect ratio
of 2.5 and 6-percent-thick, hexagonal airfoil sections have been con-
ducted in the Langley 19-foot pressure tunnel. Reference 1 presents
the lateral-control characteristics of the wing equipped with spoilers
and with ailerons. The results of the investigation pertaining to the
longitudinal characteristics of the wing are presented herein.

Inasmuch as a relatively low maximum lift coefficient was expected
for the wing because of flow separation promoted by the sharp leading
edge, tests were made to determine the separate and combined effects
of drooped-nose flaps and plain flaps on the longitudinal characteristics
of the wing with and without a fuselage. The effects of a horizontal
tail on the longitudinal stability characteristics of the wing-fuselage
configuration were investigated with the tail located at various vertical
and horizontal positions. In order to expedite the issuance of this
information, only a brief analyis has been made of these data.

The data presented herein were obtained at Reynolds numbers ranging

from 2.8 x 106 to 7.6 x 106 and Mach numbers ranging from 0.05 to 0.15.

SYMBOLS

CL lift coefficient, Lift/qS

t Ct increment of lift coefficient

CLmax maximum lift coefficient

CD drag coefficient, Drag/qS

Cm pitching-moment coefficient, moment about the quarter chord

of mean aerodynamic chord, Pitching moment/qcS

S area (wing area unless otherwise noted), sq ft

mean aerodynamic chord measured parallel to the plane of

symmetry, f 2 c2dy, ft

b wing span, ft

C local wing chord, ft
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4 CONFIDENTIAL NACA RM L52.llb

z vertical position of horizontal tail from wing-root chord
plane (positive qove)

t maximum thickness of wing airfoilsection

fr fineness ratio of fuselage

Subscripts and abbreviations:

t horizontal tail

o value at zero lift

e effective

JODEL AND TESTS

Model

The details of.the wing, fuselage, and horizontal tail are shown
in figure 1. The wing had an aspect ratio of 2.5, a taper ratio of
0.625, and neither twist nor dihedral. The wing had sharp leading and
trailing edges formed by wedges which extended 30 percent of the chord.
The upper and lower surfaces of the middle 40 percent chord of the wing
were parallel and 6 percent of the chord apart. The wing was provided
with interchangeable tips having wedge and elliptical cross sections
(fig. 1). In a few instances the trailing-edge thickness of the wing
was increased to 0.25, 0.50, and 1.00 of the maximum local thickness.

The wing was equipped with drooped-nose flaps at the leading edge
and plain flaps at the trailing edge. The drooped-nose flaps of 15 per-
cent chord extended spanwise from 20 percent wing semispan to 95 percent
wing semispan and could be deflected 100, 200 , or 300. The plain flaps
of 25 percent chord extended from 20 percent (wing-fuselage juncture)
to 55 percent wing semispan and from 20 percent to 95 percent wing
semispan.

A fuselage of circular cross section used in combination with the
wing was attached in a midwing arrangement at zero incidence. The
fuselage was provided with two different afterbodies which were used
alternately to provide tail lengths of either 2 or 3 mean aerodynamic
chords. The fineness ratio of the fuselage was either 8 or 10, depending
on the fuselage afterbdy used.

The horizontal tail had NACA 0012 airfoil sections parallel to
the plane of symmetry, an aspect ratio of 3.12, and a taper ratio of
0.625. The ratio of tail area to wing area was 0.200. The tail was

CONFIDENTIAL



6 CONFIDENTIAL NACA RM L52Lllb.

The values of effective downwash angle were determined from data
obtained at three tail incidence angles. The pitching-moment coeffi-
cient due. to the tail Cmt was plotted against the tail incidence

angle it for various values of the wing angle of attack m. The inter-
section of the faired points with the Cmt zero axis indicated the

tail incidence angle for which the angle of attack of -the tail was zero.
The effective downwash angle Ee was then obtained from the relation

Ee = m + it - t(1)

The values of effective dynamic pressure ratio at the tail (qt/q)e
were determined by computing the ratio of the values Cmit obtained

through the angle-of-attack ranges of the various configurations to the
value of Cmit for the comparable tail height of the flap-neutral con-

figuration at zero lift.

The tail efficiency factor n represents the effective change in
the lift-curve slope of the tail due to the effect of the fuselage
interference. The values of T are based on the assumption that the

* efficiency of the tail located at z = O.40b/2 was 100 percent inasmuch
as the distance from the fuselage was large and the interference effect
of the tail post would be small. The values of T were obtained from
the relation

(Cmi) (2)

(mi)'

The following table presents values of (Cmit) and T for the flap-

neutral configuration'

Tail length, 2" Tail length, 37
Tail
Height (mi t ) O  (mi) T

0.40Ob/2 -0.0202 1.00 -0.0302 1.00
.17T7/2 -.0189 .94 -.0287 .95

-.17Tb/2 -.0190 .94  -.0280 .93
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Presentation of Data

Data showing the effects of Reynolds numbers ranging from 2.8 x 106

to 7.6 x io6, wing trailing-edge thickness, and cross-sectional shape of
the wing tip on the longitudinal characteristics of the wing are presented
in figures 14 to 6. The effects of plain flaps and drooped-nose flaps
deflected individually and in combination on the wing are indicated by
the data presented in figures 7 to 13. Figure 14 shows the flow patterns
of the wing-with and without flaps deflected. The effects of flaps on
the longitudinal characteristics of the wing in combination with a
fuselage are indicated by the data presented in figures 15 to 18. The
effects of the various arrangements of flaps on the lift characteristics
of the wing with and without a fuselage are summarized in figure 19.
The effect on the longitudinal stability characteristics of the wing-
fuselage configuration of a horizontal tail located at various vertical
and horizontal positions is shown by the data presented in figures 20
to 24.

An index of the various configurations tested and a summary of the
longitudinal stability characteristics has been presented in tables I,
II, and III.

BRIEF ANALYSIS OF DATA

Wing Configurations

The wing exhibited leading-edge separation characteristic of sharp-
edge airfoil sections at a low angle of attack (fig. 14) and, consequently,
an increase in stability (fig. 4) associated with a rearward shift of the
center of pressure was obtained. The lift-drag ratio of the wing
decreased rapidly with the onset of separation from a maximum value of
approximately 12 to approximately 3 at maximum lift (fig. 4). It is of
interest to note that, contrary to the results shown in reference 4., a
small destabilizing change in the pitching-moment characteristics and
an increase in the slope of lift curve occurred in the low angle-of-
attack range of the wing with increase in Reynolds number through the
range investigated (fig. 4). The maximum lift coefficient of the wing
was increased from 0.71 to 1.07 with the O.35b plain flaps (Sf = 500)
and to 1.34 with the O.75b plain flaps (Sf = 500), (fig. 19(a)). With
the drooped-nose flaps deflected, the initial leading-edge separation
occurred at approximately the same angle of attack as the plain wing
but was confined to the inboard 20-percent wing semispan where the
leading edge was not drooped rather than along the entire leading edge.
Separation then spread rearward and outboard as the angle of attack
was increased; however, the flow in the region of the tips remained
unseparated through the stall with the drooped-nose flaps deflected 300
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plane appeared, in most cases, more favorable than that obtained with
the horizontal tail located 0.177 semispan below the wing chord plane.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va.
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NATIONAL ADVISORY CO4ITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

LOW-SPEED LONGITUDINAL CHARACTERISTICS

OF AN UNSWEPT HEXAGONAL WING WITH AND WITHOUT A FUSELAGE

AND A HORIZONTAL TAIL LOCATED AT VARIOUS POSITIONS

AT REYNOLDS NUMBERS FROM 2.8 X 106 TO 7.6 x 1O6

By Gerald V. Foster, Ernst F. Mollenberg,
and Robert L. Woods

SUMMARY

An investigation has been conducted to determine the low-speed
static longitudinal characteristics of an unswept wing having hexagonal
airfoil sections and an aspect ratio of 2.5. The wing with and without
a fuselage was tested with plain flaps (with several degrees of trailing-
edge bluntness) and nose flaps deflected individually and in combination.
The effect of a horizontal tail on the wing-fuselage configuration was
investigated at various vertical and horizontal positions. The tests

were conducted at Reynolds numbers ranging from 2.8 x 106 -to 7.6 x lO6
and Mach numbers ranging from 0.05 to 0.15.

A brief analysis of these data indicates that the wing exhibited
leading-edge separation at a low angle of attack which produced a rapid
increase in drag and a stabilizing change in the pitching-moment char-
acteristics. The d rooped-nose flaps delayed the leading-edge separa-
tion and the associated changes in the drag and pitching-moment charac-
teristids. The stabilizing effect of the horizontal tail varied with
vertical position in a manner similar to that shown by previous investi-
gations of swept wings; however, the change of static margin through the
lift range obtained with the horizontal tail located 0.40 semispan above
the wing-chord plane appeared, in nost cases, more favorable than that
obtained with the horizontal tail located 0.177 semispan below the wing-
chord plane.

INTRODUCTION

* Theoretical and experimental investigations indicate that thin,
unswept, low-aspect-ratio wings can in many instances be advantageously
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incorporated in the design of airplanes intended for flight at high
supersonic speeds. In order to determine the low-speed aerodynamic
characteristics of such a wing, tests of a wing having an aspect ratio
of 2.5 and 6-percent-thick, hexagonal airfoil sections have been con-
ducted in the Langley 19-foot pressure tunnel.. Reference 1 presents
the lateral-control characteristics of the wing equipped with spoilers
and with ailerons. The results of the investigation -pertaining to the
longitudinal characteristics of the wing are presented herein.

Inasmuch as a relatively low maximum lift coefficient was expected
for the wing because of flow separation promoted by the sharp leading
edge, tests were made to determine the separate and combined effects
of drooped-nose flaps and plain flaps on the longitudinal characteristics
of the wing with and without a fuselage. The effects of a horizontal
tail on the longitudinal stability characteristics of the wing-fuselage
configuration were investigated with the tail located at various vertical
and horizontal positions. In order to expedite the issuance of this
information, only a brief analyis has been made of these data.

The data presented herein were obtained at Reynolds numbers ranging

from 2.8 X 106 to 7.6 x 106 and Mach numbers ranging from 0.05 to 0.15.

SYMBOLS

CL lift coefficient, Lift/qS

ACL increment of lift coefficient

CLm maximum lift coefficient

CD drag coefficient, Drag/qS

Cm pitching-moment coefficient, moment about the quarter chord
of mean aerodynamic chord, Pitching moment/q-S

S area (wing area unless otherwise noted), sq ft

Cmean aerodynamic chord measured parallel to the plane of

symmetry, 1 / cdy, ft

b wing span, ft

c local wing chord, ft
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y spanwise ordinate, ft

free-stream dynamic pressure, pV2/2, lb/sq ft

p mass density of air, slugs/cu ft

aangle of attack of wing chord, deg

V free-stream velocity, ft/sec

R Reynolds number (based on c)

T horizontal-tail effectiveness parameter

(CL)t lift-curve slope of isolated horizontal tail

(qt/q)e ratio of effective dynamic pressure to free-stream dynamic

pressure

Ee effective downwash angle, deg

Cmi rate of change of pitching-moment coefficient with horizontal-it tail incidence angle

(Cmit) value of dCgdit at zero lift for a high tail position with

flaps off (assumed interference free condition)

dCmddm rate of change of pitching-moment coefficient due to the tail
with angle of attack

I tail efficiency factor, (i ) mi)

it  angle of incidence of horizontal tail measured with respect
to wing-chord plane, positive when trailing edge moves
down, deg

I horizontal-tail length, distance in wing-chord plane from
quarter-chord point of wing mean aerodynamic chord to
quarter-chord point of the horizontal tail mean aerodynamic
chord, ft

5f angle of deflection of plain flaps, deg

an angle of deflection of drooped-nose flaps, deg

dce/dcL rate of change of effective downwash angle with angle of
attack
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z vertical position of horizontal tail from wing-root chord
plane (positive q6ve)

t maximum thickness of wing airfoil section

fr fineness ratio of fuselage

Subscripts and abbreviations:

t horizontal tail

o value at zero lift

e effective

JODEL AND TESTS

Model

The details of.the wing, fuselage, and horizontal tail are shown
in figure 1. The wing had an aspect ratio of 2.5, a taper ratio of
0.625, and neither twist nor dihedral. The wing had sharp leading and
trailing edges formed by wedges which extended 30 percent of the chord.
The upper and lower surfaces of the middle 40 percent chord of the wing
were parallel and 6 percent of the chord apart. The wing was provided
with interchangeable tips having wedge and elliptical cross sections
(fig. 1). In a few instances the trailing-edge thickness of the wing
was increased to 0.25, 0.50, and 1.00 of the maximum local thickness.

The wing was equipped with drooped-nose flaps at the leading edge
and plain flaps at the trailing edge. The drooped-nose flaps of 15 per-
cent chord extended spanwise from 20 percent wing semispan to 95 percent
wing semispan and could be deflected 100, 200, or 300. The plain flaps
of 25 percent chord extended from 20 percent (wing-fuselage juncture)
to 55 percent wing semispan and from 20 percent to 95 percent wing
semispan.

A fuselage of circular cross section used in combination with the
wing was attached in a midwing arrangement at zero incidence. The
fuselage was provided with two different afterbodies which were used
alternately to provide tail lengths of either 2 or 3 mean aerodynamic
chords. The fineness ratio of the fuselage was either 8 or 10, depending
on the fuselage afterbody used.

The horizontal tail had NACA 0012 airfoil sections parallel to
the plane of symetry, an aspect ratio of 3.12, and a taper ratio of
0.625. The ratio of tail area to wing area was 0.200. The tail was

CONFIDENTIAL
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attached to the fuselage by means of a strut and could be located verti-
cally at either 40.0 or 17.7 percent wing semispan above or 17.7 percent
wing semispan below the wing chord plane extended. The incidence of the
tail, measured with respect to the wing chord plane, could be varied
through an angle range of 20 to -60.

Tests

Tests were conducted in the Langley 19-foot pressure tunnel to
determine the longitudinal aerodynamic characteristics of the wing and
the effects thereupon of various flaps, a fuselage, and a horizontal
tail located at various vertical and horizontal positions. The longi-
tudinal characteristics were determined by measuring the lift, drag,
and pitching moment through an angle-of-attack range of -40 to stall.
Tests to determine the air-flow characteristics at the wing surface
also were made by observation of wool tufts that were attached to .the
upper surface-of the wing. The various configurations tested are listed
in tables .I and II.

The maximum Reynolds number of the tests of the model with
0.35b plain flaps either in a neutral or deflected position was
7.6 X 106. For tests of the model with 0.75b plain flaps deflected,

the Reynolds number was 5.4 x 106. The Mach number of the tests
ranged from 0.05 to 0.15.

A two-support system was used in testing all model configurations
except tail-on configurations for which a three-support system was
used (fig. 2).

As an aid in the analysis of these data, the tail was tested
independently at Reynolds numbers of 2.3 x 106 and 3.0 x 106 which
corresponds to wing Reynolds numbers of 5.7 X 106 and 7.5 X 106.

RESULTS

Reduction of Data

The results of tests have been reduced to nondimensional-coefficient
form and, with the exception of the results of isolated tail tests, have
been corrected for support-strut tare and interference. The angles of
attack have been corrected for air-stream misalinement and jet-boundary
effects. Jet-boundary corrections also were applied to the drag char-
acteristics of all configurations and pitching-moment characteristics
of the tail-on configurations. The jet-boundary corrections were
determined by the method of reference 2.

CONFIDENTIAL
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The values of effective downwash angle were determined from data
obtained at three tail incidence angles. The pitching-moment coeffi-
cient due to the tail Cmt was plotted against the tail incidence

angle it for various values of the' wing angle of attack m. The inter-
section of the faired points with the Cmt zero axis indicated the

tail incidence angle for which the angle of attack of the tail'was zero.
The effective downwash angle Ee was then obtained from the relation

Ee = m + it - at (1)

The values of effective dynamic pressure ratio at the tail (qt/q)e
were determined by computing the ratio of the values Cmit  obtained

through the angle-of-attack ranges of the various configurations to the
value of Cmit for the comparable tail height of the flap-neutral con-

figuration at zero lift.

The tail efficiency factor r represents the effective change in
the lift-curve slope of the tail due to the effect of the fuselage
interference. The values of are based on the assumption that the
efficiency of .the tail located at z = 0.40b/2 was 100 percent inasmuch
as the distance from the fuselage was large and the interference effect
of the tail post would be small. The values of r were obtained from
the relation

(Cmi) (2)

(mi)

The following table presents values of (miQ and T for the flap-

neutral configuration'

Tail length, 2F Tail length, 37
Tail
Height (Cmi (Cmi

0.4OOb/2 -0.0202 1.00 -0.0302 1.00
.177b/2 -.0189 .94 -.0287 •95

-.177b/2 -.0190 .94 -.0280 .93
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The values of n presented are also representative of the values
obtained for configurations with flaps deflected.

The contribution of the tail to the stability can be conveniently
expressed by a tail effectiveness parameter T derived in reference 3,
which is defined as follows:

T qt +atddE Q1 d I

or

dCmt

da 4

where

t= 0.050 per degree

Figure 3 shows the variation of lift coefficient with angle of attack
of the isolated tail. A negative value of T signifies that the tail
is contributing to the stability.

The values of T presented herein were obtained with a fixed tail
incidence, and, consequently, large out-of-trim conditions occurred at
high angles of attack. Examination of equation (3) shows that, for
finite values of at., T is affected by the variation of qt/q with a.

For the condition where the tail is free of the wake and the values of
d( q)

-- are negligible, the values*of T are independent of tail load and

hence are applicable to any center-of-gravity location or tail incidence
angle. Through the angle-of-attack range for which the tail passesdqt
through the wake finite values of - 3/ are obtained; hence, the valuesdm

of T for that angle-of-attack range are more nearly representative of
a center-of-gravity location for which the measured tail load would
provide trim at the wake center.
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Presentation of Data

Data showing the effects of Reynolds numbers ranging from 2.8 X 106

to 7.6 x 106, wing trailing-edge thickness, and cross-sectional shape of
the wing tip on the longitudinal characteristics of the wing are presented
in figures 4 to 6. The effects of plain flaps and drooped-nose flaps
deflected individually and in combination on the wing are indicated by
the data presented in figures 7 to 13. Figure 14 shows the flow patterns
of the wing-with and without flaps deflected. The effects of flaps on
the longitudinal characteristics of the wing in combination with a
fuselage are indicated by the data presented in figures 15 to 18. The
effects of the various arrangements of flaps on the lift characteristics
of the wing with and without a fuselage are summarized in figure 19.
The effect on the longitudinal stability characteristics of the wing-
fuselage configuration of a horizontal tail located at various vertical
and horizontal positions is shown by the data presented in figures 20
to 24.

An index of the various configurations tested and a summary of the
longitudinal stability characteristics has been presented in tables I,
II, and III.

BRIEF ANALYSIS OF DATA

Wing Configurations

The wing exhibited leading-edge separation characteristic of sharp-
edge airfoil sections at a low angle of attack (fig. 14) and, consequently,
an increase in stability (fig. 4) associated with a rearward shift of the
center of pressure was obtained. The lift-drag ratio of the wing
decreased rapidly with the onset of separation from a maximum value of
approximately 12 to approximately 3 at maximum lift (fig. 4). It is of
interest to note that, contrary to the results shown in reference 4, a
small destabilizing change in the pitching-moment characteristics and
an increase in the slope of lift curve occurred in the low angle-of-
attack range of the wing with increase in Reynolds number through the
range investigated (fig. 4). The maximum lift coefficient of the wing
was increased from 0.71 to 1.07 with the 0.35b plain flaps (5f = 500)
and to 1.34 with the 0.75b plain flaps (5f = 500), (fig. 19(a)). With
the drooped-nose flaps deflected, the initial leading-edge separation
occurred at approximately the same angle of attack as the plain wing
but was confined to the inboard 20-percent wing semispan where the
leading edge was not drooped rather than along the entire leading edge.
Separation then spread rearward and outboard as the angle of attack
was increased; however, the flow in the region of the tips remained
unseparated through the stall with the drooped-nose flaps deflected 300
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(fig-. 14). The delay of separation over the outboard sections of the
wings caused by drooped-nose flaps deflected at least 200 minimized the
large stabilizing change in the pitching-moment characteristics through
a lift-coefficient range to just prior to CLmax (fig. 10). The sum-

mary of lift characteristics (fig. 19) indicate-that the sum of incre-
ments of maximum lift contributed by plain flaps and drooped-nose flaps
considerably exceeded the increment of maximum lift obtained for the
wing equipped with plain flaps and drooped-nose flaps in combination.

Wing-Fuselage Configuration

The results of figure 19 indicate that the addition of the fuselage
increased the maximum lift coefficient of the wing equipped with drooped-
nose flaps as much as 0.2 (5n = 300) but had a negligible effect on the
maximum lift coefficient of the wing equipped with plain flaps. In
general, the results for the wing-fuselage configuration either with
or without flaps indicate a fairly large forward shift of the aerody-
namic center as compared with the wing alone.

Wing-Fuselage Configuration in Combination

With a Horizontal Tail

In general, all tail-on configurations investigated exhibited
static longitudinal stability throughout the lift range for the center
of gravity at 0.25U. The effect of vertical position of the horizontal
tail on the tail effectiveness is similar to that reported for swept-
wing airplane configurations (refs. 3 and 5). The values of T

(figs. 20 to 23) indicate that the horizontal tail was more effective
through the moderate and high angle-of-attack range when located 0.177b/2
below the wing-chord plane than when located at either 0.177b/2 or
0.40b/2 above the wing-chord plane. This is attributed to a smaller
variation of downwash angle with angle of attack just below the wake
center line than just above the wake center line. The pitching-moment
characteristics (table II) tend to indicate that, although the change
of static margin through the lift range was large for all tail-on con-
figurations, the change of static margin through the lift range obtained
with the horizontal tail located 0.40 semispan above the wing chord

CONFIDENTIAL
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plane appeared, in most cases, more favorable than that obtained with
the horizontal tail located 0.177 semispan below the wing chord plane.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va.
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TABLE I.- INDEX OF TEST CONFIGURATIONS OF WING

Wing trailing- Tip cross Plain flaps Drooped-norse Presented Figure
edge thickness section flaps

O.Ot Wedge Off Off CL,CD,Cm 4

o .ot.0St
.030t Wedge Off Off CL,CDCm 5

* o6ot

O.Ot Wedge and
O.t WdeadOff Off CLCDC m  6elliptical

O. 35b
O.Ot Wedge bf = 00, 300, Off CLCD,Cm 7400 , 500

O 75b
O.Ot Wedge °f = 00, 300, Off CL,CDCm 8400 500
O .Ot

.01St O.75b

.030t Wedge = 00 Off CLCDCm 9
x 6ot

6n 00. O° , iO°

O.Ot Wedge Off 200 = 0 L ,DC 102O~,300 CLCDCm

Off
O.Ot Wedge O.35b - 500 bn = 100 CLCDCm 11

O.75b - 500

Off
O.Ot Wedge 0.35b. - 500 bn = 200 CL CCD Cm  12

0.75b - 500

off
O.Ot Wedge O. 35b - 500 = 300 CL,CDCm 13

0.75b - 500
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TABLE II.- IN=2 OF TEST CONFIGURATIONS OF WING IN COMBINATION WITH FUSELAME

Drooped-none Tail
Wing Plain flaps flaps ei Presented Figureflps Lengt h  Height

Off
0.35b - 500 Off -- Off CL,CD,Cm 150.75b - 500

Off
0.35 - 50°  5n  100, Off CL,CD,Cm 16
0.75b - 500

Off
0.35b - 500 n = 20 -- Off CL,CD,C m  17
0.75b - 500

Off
0.35b - 50' =3O -- Off CL,CD,Cm 180.75b - 500

off rLCmEe,2 ) -0177b/2 C'm e
ffO :177 (qt/q)e 20(a)

a .400 and

Off Off
Off

• 0)177b/2 (2t e 20(b)

-5cf ~ n3O _1__ 77 and T

Basicwie40

Off CL, Cm Ee4).177b/2 (qt/q)e 2(Off 5n =300 2-c %17 21

.400

Off-,,.,".7,7,/2 A.,,. , C.
2F •3-77 (qt/q)e 22(a)

0.5 0 b 301 .400 and Ir

17 aM T

Off An,,Ee

•:177 (atmd T 2b

_____ .100 and T0.75b .400 an
5f -500 bn = 300° f

3" -0177b/2 CL,Om,ce
•7 :177 (qt/q)e 23(b)

tenotes ving having O.Ot thickness at trailing edge and vedge-shape
cross sections at the tips.
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AUS II.- SUltRY OF LOGITI3DIAL SADZLITY OMRAOfTIIS0S OF AN OM nMT WIND

AVISM TIN EXAGO AL AWROIL SCTIOSS AND AN ASP3T RATIO 01 2.5

Sph pan

via Devi** Won tim"StIon CLL 0.8 1o C. Charaoteriesioa -a-
Ib/2) 4(4/2

. CL .8 1.2 1.6

.I
.725 247* 5o2 0,

15 and
20(a)

2z 2 I t -2.00*

20(a)

2sU 2, it
.177 17-

2
O(a)

m-177 It

20(b)

-- ! -. 20(b)

_ _ _ I

_______________________20(b)

1/6 3

. .177 I t  -1.730

20(b)

2t .177 t 2.150

610 .955 12.9P 6.98

CONFIDENTIAL
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TABE III.- SUNNARY Or LONImTUDINAL 3TAMZ T OUARAOUIMISTICS OF AN UlWT WIN BAVING

THIN [W.AOONAL AMPOIL ZiNTICIG AND AN ASPECT RATIO OJP 2.5 - Con imud

Span 3pan
fr LUZ jp.1 Configuation C1~a OOLsaaa L/ Cbatrlle Plaw.
e ice ole 0.85 Ct Charcterlatls i

(b/2) 0b/2)

CL

o .4 .8 1.2 1.6

On0
1.02 12.90 4.85 C O

t5 ' f •400 -. 2

T-.

50 1.07C 13.00 4.9

a:: 30 1.16 12.00 14.58 
8

Hone

a ~o 1.26 12.10 3.96 8

Flaps

Br = 500 " 1

&0.84 21.8 5.25 10

8n = 10
°

None

16 and
21

6n . 100

Droop I" l. -115.-100 Or 50
0  

1091. 1.4

Flaps
16

an z10* O .500

11

a 6. 10 Of = 500 1.30 14.2 3.A

SO~~COz not rDNIod.
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TABLE Il.- SUMMARY O LNOI'TUINAL STABILITY CRAMCTIISTICS OF AN UNS6337 WINO HAVING

THIN 1EAOONAL AIRFOIL SETIONS AND AN ASPECT RATIO OF 2.5 - Continued

Span Span
- tL.Uo TY.! /D

S Tvic conriguratlon C
1 ,1 * xCLmax 0. L/D at Cm Characteristios Figure

(b/2) (e/a1)

CL0 .4 .8 1.2 1.6

7 5 
C m

.,. < -= -. 1 16
Flaps

n  = 1o Of a 50
0  -.2

12
,o=3-.81 15., 7.10

n =200

None

• : 17

an = 20
0

-, =A1.10 14.9 4.82 1

. 2 =20 f 50 0

Flaps

~c~ZZ~17
On  200 Of 50

0

12
1.56 15.1 5.50 1

.775 .-7 5 200 f
= 
500

L.E. T1
Droop Flaps

On - 2
0
0 "fr 500

.87 16.6 6.84 
13

1:11"

On = 30
°

Nan o _21

On = 30
°
02

9/8 - 2 I t . -2.160

an C DE . _ A177

CONFIDENTIAL
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TADU III.. Si&AUT OF LOVOIDIN&L STABILITY CKAAOTU IATSc OF AN MIEUWT WIND MY=

?NX MIOOULL AWROIL SEoTON AND AN A POT RATIO OF 2.5 Coatmi

Span Span
Dr L.1 f NontlauatIo, ¢l * CL . Charoet2rlatLsa ISwD

Dvice ovlo.u. 0. Chrceitc Fiur
(bo/1) (b/2)

0 .4 .8 1.2 2.6

1.11 16.2 4.52 :. O3

6. 
°  

6f 50
0  

-. 2

On.300 . at 50

broop Flaps 2(

6n = 0° ' j = 
O

5. 300 6 500

h/3 : 2 -i:.177 
2

In"t
O

. -1750 2 a

an 30 Of 500

L/- -270 Tf - --177

I t .-210
° * 2 2( a)

i~ ~ 0 022 (b)a n 00 at. .107

3 , - 4 d0
°

FlopInap.

* n i )... 0 of.500

It O.Ie 30oTI

lb=- -177

I t-1.0o a f. 50

CONDE3eA
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TAA ZZI.- UWARY OF LONOITUDINAL STABILITY CiARAOTEISTICS OF AN Umnam WIN AVZo

THIN MAGONAL AIOIL SCTIOXS AND AN ASPET RATIO OF 2.5 - Cobtti~d

oe
f 

; .B of ? .1o.,C n t p s l n C m x a a 0 8 5 .OL . x cm ch ra cer st l s Fgu e

Spa L 3 pt n Coni ptguation C ua maE x O W 'D at
fb/2) 

-.

/2)

OL
0 .4 .2 .: 1.6 2,.0

-.1, 18 and
23(a-.2, =

On = 00 Of = .50 0 -..

1/ 2 -,..40° " - .++,
it - -3.960 3&

6 =300 Of = 50
0

1/5 :2 2z = .7
2=.77

it - -1'70 2
3(a)

a. =0 Of = 500

/@: 2 2s -.177

* ~C ~ii~i t-2.14 23(a)
0 0:

T. ~8 30 O 5

.775 t.75
L.B. iT.S.
Droop Flap. 23(b)

G~aSC 8~0
0

an  3 0
°  

t 80 Of = 50

1/0' 3 !. .40
b

23(b)

on = 0
° 

a t = .e.e Of = 50 0
On =300 It-1.68

0  Of 2 50 0

3 z .177

23(b)

S* 2.12*

1.00
pow T.Z. On-

alape f publiobed

-CONFIDENTIAL
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TAB III.- SUMMARY OF LONGITUDINAL STABILITY CHARACTO4ITICS O AN U4653T WINO HAVING

THIN MiAOONAL AIRFOIL SECTIONS AND AN ASPECT RATIO OF 2.5 - Concludd

span Span
D L.% o Coniguration CLmj L L/D at

Device Dvice max 0.85 %ax C. Characterlstic
(b/a) (b/a)

CL
0 .4 .8 1.21.6

0.70 13.8 5.08 C, 6

Wizng tips of elliptical cross wootion -.1

0.25t 1

___________________ 73 1433.0
Non-

0.2J5t 1,30112.2 .. 50

'75 9. :

.24~ .g 1.33 22. 3.4

Or 50. F-

I O 13 22 3

~~COIDMIIAL
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0.05 b/2 _7C

Wedge E1l1t1 a
tip t

Drooped-nl030
flap hinge line_4 

25

0.30 chord line_ _'

0.-70 chord line----

0.05 0.30 hing li- .h-. 0.250

0.30cc 0.25c0 0 25

0.50c radius

Section A -A Secto -Sotion B - B

Blunt trail~nx edge

Drooped-noe flap Plain flap 1hegtprcn

plane extended

__ _ _ __ _ _ __ _ _ _ 122.61 (3 
1 .53 -

4 81.74 (2 Z) CI t 4.

0.256 20.00 max. diam 1-

-17.7

159.13-

-200.00

Double wedge wing Horizontal tall

Aspect ratio 2.5 Airfo il aoc tion NACA 0012

Area 4032. Amset rai031
T'aper ratio 0.625 Area 806o' 806

Thickness .06o raper 0ai .625

MAC 40.87 MAC 16.37

Span 100.40 Span 50.15

Figure 1-'Geometry of wing, fuselage, and horizontal tail. All dimensions
are in inches except as noted.
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Wing trailing-
edge thickness,

percent t

E3 25
50

A~ 100

-.4----------------
0 .04 .08 .12 .16 .20 B$ p28 .32

CD

Figure 5.- Concluded.
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1.0- -

On,

GL dog

0 0
___ 0 10

~20
~30

0 .04 .08 .12 .16 .20 .24, .28 .35Z

Figure 10.- Concluded.
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1.4----------

1.2Span of Fuselage
plai flaps'

0 0.35b, Of f

/.0- 0 -75 - >Off

A_ .7 5b on

max

B0

0 /0 20 30 40 50

(a) Plain flaps deflected.

Figure 19.- Suimmary-of the effects of flap deflection on the lift char-
acteristics of the wing 'with anid without fuselage.
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1.2

CLmv

.6

.4

Puselage
.2

o

0 I 0 20 30

max

i n v deg

(b) Drooped-nose flaps.

'. Figure 19.- Continued.
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1.4

to Span of Fuselage
plain flaps

o O.55b Off
o .75b Off
0> -35b On
A -75b O

.2

.4

'IC

0 /0 20 50
Ono, deg

(c) Effect of drooped-nose flaps with plain flaps deflected 500.

Figure 19.- Concluded.
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Tall height,
perent b/2 b. 0o orr .. / / \ i,
3 -17.7 -2.0 7

S17.7 -1.9
' 40.0 -2.1

24-

-1.2

,8e/ " .l I

/ 

.4
-8

CLJo

4 -.2

0 74

.4 .6.4-8 0 I8 1 I
-8 0 8 /6 24 -8 0 8 /6 24

e, deg X, deg

(a) Tail length, 2F.

Figure 20.- Effect on the longitudinal stability characteristics of the
plain wing-fuselage configuration of a horizontal tail located at

various vertical positions. R = 7.6 x 106.
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W3i helght, lip5
rieent b/2 d g

o Off ~ -0 - -

____ 3_ -17.7 -2.0
0Z 17.7 -1.9 -

A____ h1O.O -.

24------------------------/ -

P4-------------

-8 0 8 P 0 8-6z

Fiur 20.- Conlued
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Tell height.
percent b/2'

0 ~ ~ Of---
0 -177r2
0 -17.7 -2.0

A ~ 40.0 -2.1/

R4 0 - - - -

- - - -- - - r - - - - - -

.8 FT1 77

c,. dog- - - --

C4-KI r Tit  t
.44

-8 a0 8 16 24 3 R -8 0 a IS 24 32
W,~C de X40

(a) Tail length, 2 F.

Figure 22.- Effect on the longitudinal stability characteristics of the
wing-fuselage configuration with drooped-nose flaps and 0. 35b Plain
flaps of a horizontal tail located at various vertical positions.

5n.300; bf 500; R=7.6xl106 .
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Tall he ighi p
porent b/2 U,;

13 -17.7 -.

--- 0 17o.7 -19

24------------- 0 /N

-8 .8

12

.4 - -

5 .0 8 16 24 3k -8 0 8 /6 24 32
er, der e, deg

(b) Tail length, 3tr.

Figure 22.- Concluded.
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0 Off

--77 1:9

16 > -- ~~i i~

-0 -- %4

.A __ 6

-8 .0 9 /6 24 52 -8 0 9 16 24 .52
W, deg e f

(a) Tail length, 2T.

Figure 23.- Effect on the longitudinal stability characteristics of the
wing-fuselage configuration with drooped-nose flaps and 0.75b plain
flaps of a horizontal tail located at various vertical positions.

=a 300; bf =500; R =51.4 x 106.
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Ta I heih, 1

0r~l b/2 o

O -17.7 -2.0
--- > 17.7 -.

- a 40.0 -2.1

O-7-

-8-

8.0 I

.8 0 8 16 24 32 -8 0 9 16 24 32
iw, deg C, dog

(b) Tail length, 3-C.

Figure 23.- Concluded.
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8-

-e4 - - -

Plain stog

j -~ _ ail h~ight.

6-8 -17:7

17

04dn.de lo,0 Uai 0 eg 0.lap/, trO ngeg 30 o .,,O 5

-24
-28ig-dg -l.. O, 300; 0.35b/2 triling-edg. n., Of 500

Leading-dge flaps, 3 ;075/ rilrdg fapO 50

-8 o 8 /6 24 -B 0 8 16 .24-
W, deg C, deg

Figure 24.- Tail incidence required for trim; center of gravity located
at O.25-C.
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